Selected clinical isolates of Haemophilus influenzae were tested for their susceptibility to seven antibiotics by a microtiter broth dilution and an agar diffusion method. Eleven of 40 strains tested were resistant to ampicillin, the drug of choice, by both methods. All the strains tested were susceptible to chloramphenicol, and all but one were susceptible to tetracycline. Of the other four antibiotics tested, the ranges of minimal inhibitory concentrations (MICs) were: 0.5 to 4 pg of gentamicin per ml, 0.5 to 4 ,ug of erythromycin per ml, and 2 to 16 pg of clindamycin per ml. MICs of ampicillin for both the susceptible and resistant strains were markedly affected by inoculum concentration. The ampicillin MICs of the resistant strains were also affected by the time of incubation.
Haemophilh' .'., iuenzae is listed as one of the species that can be tested by using the KirbyBauer agar diffusion method in conjunction with a tentative interpretive standard for ampicillin (9) . However, there are reports in the literature (4, 13, 14) that the agar diffusion test may be unreliable for determining the susceptibility pattern of these bacteria. In many clinical laboratories, H. influenzae is considered to be universally susceptible to ampicillin, the drug of choice, and no susceptibility testing is performed on isolates. It has been our experience, as with others (4, 13) , that H. influenzae strains supposedly resistant to ampicillin were actually susceptible by our tests.
Until recently we were aware of only one clinical isolate of H. influenzae that was resistant to ampicillin. As will be shown in this report, however, ampicillin-resistant H. influenzae strains are now being isolated from patients. Therefore, it has become increasingly important that a reliable method for determining susceptibility be available. This is a report of our studies on some of the methods used for susceptibility tests of H. influenzae and is a report also on the occurrence of several ampicillin-resistant clinical isolates of this species.
MATERIALS AND METHODS Organisms. The 40 strains of H. influenzae that were used in this study were submitted to the Center for Disease Control for confirmation of identification and/or antimicrobial susceptibility tests, or at our request. Twenty-nine of the strains were from cerebrospinal fluid, six from blood, and one each from eye, ear, nose, throat, and trachea. All of the strains except two were type b. The 11 ampicillin-resistant strains were from 8 pttients; the duplicates were blood or respiratory isolates that were included because of the rarity of ampicillin-resistant strains.
Antibiotics. The bacteria were tested for susceptibility to ampicillin (Bristol Laboratories, Syracuse, N.Y.), chloramphenicol (Parke, Davis and Co., Detroit, Mich.), tetracycline (Pfizer Laboratories, N.Y.), cephalathin (Eli Lilly Co., Indianapolis, Ind.), erythromycin (Eli Lilly Co.), clindamycin (Upjohn Co., Kalamazoo, Mich.), and gentamicin (Schering Corp., Bloomfield, N.J.). Stock solutions were prepared in appropriate diluents (12) , and further dilutions were made in broth.
Media. The broth media used in these studies were Mueller-Hinton (BBL), brain heart infusion (Difco), .Eugon (BBL), and Levinthal. Peptic digest of blood (PDB, 5%; Fildes reagent) was added to each broth except the Levinthal, which was prepared according to the method of McLinn et al. (4) . For the agar diffusion studies, Mueller-Hinton agar with 5% chocolatized rabbit blood and 1% IsoVitaleX (BBL) was used.
Preparation of inocula. Ages diffusion technique. These tests were performed on Mueller-Hinton agar with 5% chocolatized rabbit blood and 1% IsoVitaleX (BBL). The inoculum used had 10' CFU/ml and was prepared as described above. The plates were incubated for 24 h in a candle jar at 35 C. The diameters of zones of inhibition were measured from the top of the plate; reflected light was used to see the zones more advantageously. Microtiter dilution technique. Stock solutions of the antibiotics were diluted in broth with the Autotiter IV (Canalco, Inc.); the first 14 wells contained 0.05 ml of broth with varying concentrations of the antibiotic, but the last well contained only broth and served as the growth control. The inocula were prepared as described above and diluted in broth to contain 104 CFU/ml, and 0.05 ml was added to each well. The plates were incubated at 35 C for 24 h in a candle jar. The end point could be determined more easily when the plate was placed in front of a light for reading. The least concentration of the antimicrobial agent with which there was no macroscopic evidence of growth was the minimal inhibitory concentration (MIC).
Effect of inoculum concentration on MIC. These tests were performed in the microtiter test system described above; Mueller-Hinton broth with 5% PDB was used. We tested three ampicillin-resistant strains and one ampicillin-susceptible strain with ampicillin, using inocula of 102, 10', 104, 10", 10", and 107 CFU/ml.
Effect of time of incubation on MICs. Ten strains (four ampicillin susceptible and six ampicillin resistant) were tested against ampicillin in the microtiter broth-dilution system described above. The inoculum used was 10' CFU/ml. The tests were read at 18, 24, and 48 h.
RESULTS
Media. There were few differences in the MICs obtained with the broth media that were tested. We selected Mueller-Hinton broth plus 5% PDB for further tests. The use of PDB not only resulted in better growth of the organisms but also made the microtiter tests easier to read because of the better contrast it provided. The Mueller-Hinton broth plus 5% PDB and an tized rabbit blood and 1% IsoVitaleX that was used in the agar diffusion test supported good growth of the organism.
MICs. The MICs reported here were obtained with the microtiter broth dilution method wheh Mueller-Hinton broth plus 10% PDB and an inoculum of 10' CFU/ml were used. End points could be readily discerned, particularly if the plate was held in front of a light. In tests with ampicillin, the end points for resistant 'strains of H. influenzae differed from those of the susceptible strains in that there was partial inhibition of growth at one concentration of antibiotic, followed by two or three wells with lesser amounts of growth. This kind of end point was reproducible.
The MICs of the seven antibiotics for the strains of H. influenzae used in this study are shown in Table 1 (strains 1, 2, and 3) than with the ampicillinsusceptible strain. The ampicillin MIC remained the same for the susceptible strain until the inoculum exceeded 106 CFU/ml; at 106 CFU/ml there was a 256-fold increase in the MIC. The increases in MICs for the resistant strains occurred at lower concentrations.
Effect of time of incubation on MICs. The effect of time of incubation on the ampicillin MICs is shown in Table 4 . It had no effect on the MICs of the four ampicillin-susceptible strains. However, there were marked differences in the ampicillin MICs of the resistant strains, depending on whether they were read at 18, 24, or 48 h.
DISCUSSION
Results obtained by the methods reported here could be used to separate the susceptible and resistant strains of H. influenzae. However, the MICs, particularly of the ampicillin-resistant strains, are very method dependent. An increase in inoculum size will cause an increase in MIC of ampicillin for either susceptible or resistant strains; an increase in incubation time results in a larger MIC for the resistant strains only. For these studies, an inoculum size of 10' CFU/ml, an incubation time of 24 In our study, the susceptible strains had zone diameters of 27 to 32 mm, which indicate susceptibility by either method; zone diameters of all the resistant strains were 6 mm except one that was 10 mm, which indicates resistance by either method. If the zone diameters for the resistant strains were determined by measuring the zone of partial inhibition, disregarding the colonies within the zone, the strains would be interpreted as intermediate by the NCCLS standards but resistant by the Kirby-Bauer standards. However, measuring the zones in this manner would be incorrect if the directions for either method are followed. The zones should be read with the growth inside the zone taken into account. It is possible that when an adequate number of resistant and intermediate strains are available, new interpretive standards will have to be made. However, until such studies can be done, we recommend that the Kirby-Bauer standard be used, i.e., less than 20 mm is resistant, 20 mm or greater is susceptible. In performing this test, the procedure must be strictly adhered to, and the ampicillin disks must be quality controlled to insure that they have maintained their potency.
Results from both the broth dilution and the agar diffusion tests indicated that all the strains were susceptible to chloramphenicol, one of the alternate drugs of choice (13) . For tetracycline, the second alternate drug of choice (13) (1, 3, 4, 11 ). The major exception was one strain reported by Barrett et al. (1) to have an MIC of >50 ,g/ml. Tetracy- cline MICs obtained in this study were also VOL. 6, 1974 on September 23, 2017 by guest http://aac.asm.org/ similar to those reported by others (1, 3, 4, 11) , except the strain which had an MIC of 16,ug/ml.
In recent years, ampicillin has been the drug of choice for treating meningitis due to H. influenzae (10, 13, 14) ; chloramphenicol and the tetracyclines have been acceptable alternates (6, 13) . Although treatment failures with ampicillin have been reported, the reasons for the failures could usually be attributed to factors other than resistance to ampicillin (2, 8, 14) . Until recently, it had been our experience that strains of H. influenzae submitted to us aspossibly resistant to ampicillin were susceptible, as others have reported (4, 13) . The only exception was a strain from a meningitis case in Europe. The 11 ampicillin-resistant strains reported here are from eight patients. Seven of the patients had meningitis, and two of them expired. The other six patients were changed to chloramphenicol therapy, and they recovered. In those cases then, the in vivo response apparently correlated with the in vitro susceptibility to ampicillin and chloramphenicol.
Because ampicillin-resistant strains of H.
influenzae have now been demonstrated in various areas of this country and in Europe, the demand for and importance of in vitro susceptibility tests will greatly increase. Therefore, it has become imperative that standard methods for performing dilution and agar diffusion susceptibility tests on these organisms be developed and adopted for general use. Before either the methods we have used in this study or those used in other studies can be said to meet this need, collaborative studies should be carried out to demonstrate intra-and interlaboratory reproducibility.
In our laboratory, we have been invariably successful in determining the susceptibility of H. influenzae strains to ampicillin, and intralaboratory reproducibility has been good. In limited collaborative studies, participating laboratories were able to separate ampicillin-susceptible and resistant strains by MIC tests even though the methods and the MICs varied greatly. With the agar diffusion test, some laboratories have had difficulties in determining the susceptibility of some strains to ampicillin but the exact cause of this problem has not yet been determined.
